Introduction
Diseases have been documented to be responsible for high loss in livestock production in sub-Saharan Africa (Gifford-Gonzalez, 2000) . Historically, diseases have been the factor delaying the introduction of cattle-based economies by as much as one thousand years after the first appearance of small livestock in both eastern and southern Africa (GiffordGonzalez, 2000) . Diseases that frequently are fatal to livestock production (especially cattle) in sub-Saharan Africa include wildebeest-derived Malignant Catarrhal Fever (MCF), East Coast Fever (ECF), Foot and Mouth Diseases (FMD), worms (helminthes), Rift Valley Fever (RVF), rinderpest, anthrax as well as trypanosomiasis (Kock, 2003; Thomson et al., 2003) . Livestock diseases have economical consequences on livestock husbandry at two levels; 1) at the national and local level, the diseases are responsible for direct loss due to mortality or indirectly through lowered production and/or the cost of treatment and prevention (Perry et al., 2002; Kock, 2003) . 2) At a global level diseases may affect any opportunity for export of livestock and livestock products between regions or continents, jeopardizing the exchange of products for foreign currency (Kock, 2003; OIE, 2003) .
Because of negative attitudes of livestock keepers towards wild carnivores, they often claim wild carnivores being responsible for losses of livestock despite the severe impact of diseases (Mwangi, 1997; Rasmussen, 1999) . However, several other factors as theft, drought and poor livestock husbandry may equally cause significant livestock loss (Ogada et al., 2003) . The high price received for livestock in livestock auctions, make theft a lucrative business. In Africa theft may increase with the number of animals the household own, because it may be difficult to notice a loss of one or a few animals in a group of several hundred individuals. Moreover, livestock theft may vary with season or between years. During the rainy season, it may be easy to follow the tracks the stolen animal has left behind to the destination. The night with a full moon may not be conducive for livestock raiders because it is possible for livestock keepers to observe that livestock are missing in the night holding enclosure from the household living quarters. In some areas outside Africa, livestock theft has been considered a significant rural crime (WASDA, 2007) . Drought may affect livestock directly by reducing the available food and water; hence animals may easily succumb to diseases. Indirectly, drought is normally associated with famine which drives the livestock keepers to trade some individuals to buy food.
The level of livestock depredation may intentionally be exaggerated to attract public attention and/or to mask effects of poor livestock management (Nabane, 1995; Infield, 1996; Nabane, 1996) . Such negative attitudes towards carnivores due to perceived levels of predation have been cited as a challenging issue in both wildlife conservation and rural development (Woodroffe, 2000) . Conflicts between humans and wild carnivores have been well documented in different parts of the world (Røskaft et al., 2003; Treves & Karanth, 2003; Treves et al., 2004; Røskaft et al., 2007) . This conflict has resulted in direct persecution of carnivores to get rid of them close to human settlements (Mills & Hofer, 1998; , and resulted in a general dislike of such animals. For example, American citizens do not like wolves Canis lupus and coyotes C. latrans (Kellert, 1985) . Likewise, sheep farmers in Norway show negative attitudes towards large carnivores Vittersø et al., 1998; Kaltenborn et al., 1999; Røskaft et al., 2007) . In some parts of Africa, similar negative attitudes towards carnivores have been reported (Lindsey et al., 2005; Kaltenborn et al., 2006; Holmern et al., 2007b) . Livestock keepers in Africa have been reported to kill and poison carnivores to reduce the perceived conflict over livestock depredation (Stuart et al., 1985; Berry, 1990; Holekamp & Smale, 1992) .
The aim of this study was to assess the factors responsible for livestock loss in households in villages outside the western parts of Serengeti National Park, Tanzania. Specifically the contribution of diseases, theft, depredation and loss in grazing fields due to poor management were assessed.
Methods

Study area
Serengeti National Park (SNP) is situated west of Rift Valley. The western border is close to Lake Victoria while the northern edge borders Kenya (Fig. 1) . The central part of SNP was designated as a game reserve in 1929. In 1940 hunting was banned and in 1951 it was declared a national park. The borders have been modified as the park expanded. In 1981 Serengeti was inscribed as a World Heritage Site. The park covers 14 763 km 2 and is the core of the Serengeti ecosystem that includes Ngorongoro Conservation Area, Maswa Game Reserve, Ikorongo-Grumeti Game Reserves and Loliondo Game Controlled Area, in Tanzania as well as the Maasai Mara Natural Reserve in Kenya.
The study was conducted in four villages (Robanda, Nyamakendo, Nattambiso and Kowak) surrounding western Serengeti (Fig. 1) . These villages currently suffer from the conflict between conservation priorities of the park and priorities of local communities (Hofer et al., 1996; Loibooki et al., 2002) . This is a section of the Serengeti ecosystem that extends westward to Lake Victoria with a relatively high human population density (i.e. 70 people/km 2 ; growing at a rate of 2.5 % per annum between 1988 , (URT, 2002 (Nyahongo et al., 2005) . In addition, illegal hunting within the protected areas is well documented and illegal bushmeat hunters may sell the illegally obtained meat to generate income (Arcese et al., 1995; Campbell & Hofer, 1995; Loibooki et al., 2002; Nyahongo et al., 2005; Holmern et al., 2007a) . 
Data collection
The current study was conducted between April and December 2006. Households were selected in the following four villages; Robanda, Nyamakendo, Nattambiso and Kowak. The first three villages were within 10 km from the boundary of the park while Kowak village was located about 80 km from the park. Households were selected randomly according to household lists in the villages. For practical reasons (livestock counting time), we omitted household with more than 200 individual cattle, goats or sheep because it was difficult to count the animals each time. January, February and March 2006 were spent in the villages to introduce researchers to livestock keepers and to establish baseline data on livestock numbers per selected household. Livestock owners were informed about the essence of this study and were assured that the data was only collected for research purpose and not for other purposes like baseline data for setting livestock levels by the government. After recording the baseline data (i.e. initial numbers of livestock per selected household), we appointed enumerators. Enumerators were recording any livestock that died due to diseases, were lost while grazing in the field (hereafter referred to as poor management), those which were stolen or were depredated. In addition they recorded livestock that were slaughtered. The gain of livestock recorded included newborn calves, bought or paid as dowry. While enumerators were collecting data on a daily basis, the researchers visited each household after every three months to recount the animals in order to cross check the data that enumerators collected. This was due to the fact that a researcher was also doing some questionnaire surveys in the area. Furthermore, livestock owners were asked about the livestock status during the past three months. Livestock were either counted in the morning before being sent out for grazing (normally 2 to 3 km away from the night holding enclosures) or in the evening when they were brought back to the night holding enclosures. The counting rate was 15 to 20 households per day and we spent one week in each village.
All livestock were prized according to matured livestock because market prices for livestock are only set for mature animals. This allowed us to be able to calculate the mean cost of livestock loss causes per household per year.
Statistical analyses
All analyses were performed using SPSS 16 statistical package. Non-parametric statistics were applied to test differences among the loss factors.
Results
Causes of livestock gain and loss
Mean household livestock and the subsequent costs or benefits in monetary terms for the current values of livestock species in each village are summarized in Tables 1 and 2. Regardless of household locality, various loss causes affected livestock differently (cattle: Friedman test,  2 = 233.7, df = 3, n = 182, p < 0.001; goats: Friedman test,  2 = 134.1 df = 3, n = 155, p < 0.001; sheep: Friedman test,  2 = 81.3, df = 3, n = 123, p < 0.001, Fig. 2) . Furthermore, mean number of cattle and goats sold per household was higher than the number slaughtered (cattle: Wilcoxon sign rank test, Z = -7.24, n = 182, p < 0.001; goats: Wilcoxon sign rank test, Z = -3.214, n = 155, p = 0.001) but this was not the case for sheep (Wilcoxon sign rank test, Z = -0.70, n = 123, p = 0.484). In all households, new born calves, and not animals that were bought or paid as dowry, was the significant source of replenishment of livestock numbers (cattle: Wilcoxon sign rank test, Z = -8.54, n = 182, p < 0.001; goats: Wilcoxon sign rank test, Z = -8.38, n = 155, p < 0.001; Sheep: Wilcoxon sign rank test, Z = -7.56, n = 123, p < 0.001). 
Comparison of livestock loss causes among villages
Overall, the mean numbers of livestock that were depredated was higher in Kowak village (about 80 km from the park boundary) than in villages that were close to the park boundary (Nattambiso, Nyamakendo and Robanda) (Kruskal-Wallis, H = 14.52, df = 3, p = 0.002, Kowak: rank = 252, n = 156, Nattambiso: rank = 223.6, n = 119, Nyamakendo: rank = 211.7, n = 123, Robanda: rank = 225.8, n = 62). However, the difference among species that were depredated among villages was not statistically significant (Cattle: p = 0.09, Goat: p = 0.113, Sheep: p = 0.119). In all livestock depredation events spotted hyena Crocuta crocuta was the only carnivore reported to be responsible for livestock killing.
M e a n n u m b e r o f c a t t l e t h a t d i e d o f d i s e a s es differed significantly among the villages (Kruskal-Wallis, H = 17.07, df = 3, p = 0.001). Furthermore, the difference in mean number of cattle that were stolen among villages was almost significant (Kruskal-Wallis, H = 7.12, df = 3, p = 0.068). The remaining cattle loss causes did not differ significantly among villages (p > 0.09 for all cases).
Loss causes in goats did not differ significantly among the four villages (p > 0.076 for all cases). However, for sheep, loss due to diseases and poor management differed significantly among the villages (Kruskal-Wallis, H = 9.10, df = 3, p = 0.028 and H = 8.85, df = 3, p = 0.031,
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Comparison of livestock loss causes among livestock species
Generally, regardless of distance from the park boundary, mean number of livestock species that were sold, slaughtered for food and that were killed by spotted hyenas differed significantly between livestock species (sold: Kruskal-Wallis, H = 10.82, df = 2, p = 0.005; slaughtered: Kruskal-Wallis, H = 17.09, df = 2, p < 0.001; predated: Kruskal-Wallis, H = 14.01, df = 2, p = 0.001). Households sold more cattle (mean rank = 248.5) than goats (mean rank = 231.4) or sheep (mean rank = 202.7). However, households slaughtered more goats for food (mean rank = 249.6) than sheep (mean rank = 243.2) or cattle (mean rank = 205.6). In contrast, sheep were more frequently killed by spotted hyenas (mean rank = 246.6) than goats or cattle (goat: mean rank = 241.1; cattle: mean rank = 210.6). The remaining loss causes did not differ significantly among species (p > 0.151). 
Discussion
The results of this study suggest that diseases are responsible for higher livestock loss than any other cause within and among villages. However, sheep loss due to diseases and poor management differed significantly among the villages. Mean number of cattle and goats sold was higher than the number slaughtered in all villages. In all households, new born calves were the most significant source of replenishment of livestock numbers. Livestock species that were sold, slaughtered for food and killed by spotted hyenas differed significantly between species whereof goats and sheep were more frequently slaughtered for food than cattle.
Disease is the major factor responsible for livestock loss in sub-Saharan Africa (GiffordGonzalez, 2000) . This factor alone, although not recognized by farmers in Africa (Mwangi, 1997) , was responsible for a loss of US$ 83.5 per household during the nine months study period. When this figure is compared to the average annual cash income per household in the western Serengeti (US$ 140, (Borge, 2003) , loss because of diseases were responsible for 59.6 % of the average annual household income in the target villages. On average, diseases contributed 5.1 times more of livestock loss than depredation. This observation is consistent with previous studies in the same area when farmers were requested to rank major factors of livestock loss (Nyahongo, 2004) . Livestock keepers may not observe the direct effect of diseases on their livestock production due to the fact that sick animals may be slaughtered and used as food or sold to neighbors while carnivores often consume all edible parts of a kill, leaving nothing for human consumption. Moreover, diseases often kill a larger number of new born calves than adults (Nyahongo, pers. Obs, 2006) . Livestock keepers may not observe this as an important loss because the capital investment in terms of veterinary services, feeding or grazing time and/or output in terms of meat or money (when sold) is relatively much lower for new-born calves than for adults. Moreover, due to poor livestock management records, livestock keepers may not be able to know how many livestock they loose to diseases within a specific period of time. Most of the household in this study did not keep any record showing their number of livestock, new born or even the last time animals were treated and the costs implication. In contrast, when a predator breaks into the livestock enclosures, usually at night (Nyahongo, 2004; Kolowski & Holekamp, 2006; Holmern et al., 2007b) it may kill several adult animals which may result in serious economic consequences for the livestock keepers. However, since the compensation scheme that may offset some of the costs are always lacking in Tanzania, negative attitudes towards carnivores may have developed among farmers, which have resulted in retaliatory killing practices of carnivores in or close to village proximities (Holekamp & Smale, 1992; Ogada et al., 2003; Dickman, 2005; Frank et al., 2005; Graham et al., 2005; Holmern et al., 2007b) .
A relatively higher number of sheep and goats were depredated by spotted hyena in the village that was located furthest away from the park boundary. This suggests that even in open areas with high anthropogenic activities, there are still some refuges for some large carnivores like spotted hyenas. This observation suggests a need of including a section in the current wildlife policy to accommodate the protection of wildlife in anthropogenic dominated areas. For instance, certain carnivore species such as spotted hyenas have the ability to commute up to 80 km (Hofer & East, 1993) allowing them to forage even in villages located far from the protected areas. The findings of the present study is inconsistent with the idea that high depredation is always highest close to reserves boundaries (Mwangi, 1997) . However, as Woodroffe (2000) puts it, behavioral plasticity of certain carnivore species facilitate their adaptive adjustment to an increasingly precarious lifestyle in proximity to human, a fact that was reported for spotted hyenas in the Maasai Mara ecosystem (Boydston et al., 2003) . Thus, we cannot conclude that the spotted hyenas reported at the distant villages commuted from Serengeti or were resident to the village areas.
Analyses of our data suggests that cattle are kept to solve household needs that require relatively huge amounts of money while goats and sheep are kept to tackle small household needs and/or are slaughtered to provide meat protein to the household. This might be due to the fact that the economic value of one cattle is equivalent to about four goats or sheep. These ideas are supported by comparing the number of cattle, goats and sheep that were slaughtered and those that were sold. The proportions of cattle slaughtered were far less than those sold by households in the study villages (Table 1, Fig 2) .
Variables like available water and grazing land, weather, market prices of meat (that could lead to elevated theft rate), and animal population dynamics in the villages and in the protected areas adjacent to village areas, diseases occurrence, may, as the variables included in the analyses, show considerable between year variations. These confounding variables, which cannot be controlled for in a snap shot study like the present one, might have influenced the data we collected. For instance, death of livestock due to diseases may increase with drought or with rain intensity and duration, which cannot be precisely compared within a year because intensity of rain and duration of rain seasons may differ in different areas each year in Tanzania affecting pasture quality and available water for animals. Drought may also influence the number of livestock sold to buy food, because crop production in the country largely depends on rain. Weather, on the other hand may influence the survival of new born calves or may influence the level of depredation. Woodroffe and Frank (2005) observed that rate of livestock depredation by large carnivores increased with increasing rainfall. Exclusion of households with more than 200 animals might have further led to an underestimation of livestock loss because more death from disease (due to density dependent danger of infectious diseases), livestock depredation, theft and loss due to poor management in the grazing field may be expected to increase with an increase in livestock numbers.
Conclusion
The results from this study show that diseases are the major cause of livestock loss in villages surrounding SNP and that the levels of loss do not vary much among households in the western Serengeti. In contrast, livestock depredation by spotted hyena was relatively low, although it was relatively higher for goats and sheep in household at the most distant village. Likewise, poor management and theft that can be managed at household level causes livestock losses as well. However, at the household level, a single depredation event may cause a serious economic loss.
Livestock depredation may be higher in the areas with high human activities, which encourage wildlife managers, conservationists and wildlife ecologists to think deeply about livestock depredation along the gradient of distance from the park and the future conservation of the carnivores along the same gradient.
This study suggest that local people would benefit from better education on animal husbandry practices and extension service to help them maintain the health of their livestock and to prevent theft and loss of livestock while grazing. We recommend that disease control and management should be integrated as part of the regional and national development programs to limit disease transmission between livestock and wildlife and even among livestock in the villages. Further studies on the types and epidemiology of diseases causing major livestock losses in the area should be conducted in order to design appropriate disease control measures.
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